Introduction
general role in Ca 2ϩ homeostasis [11, 14] . These data lead to the 'Ca 2ϩ overload' hypothesis [15, 16] [18, 20, 21] .
In addition, an extended investigation of other FAD-linked PS mutants (PS2ϪN141I, PS1-A246E, PS1-L286V, PS1-M146L, PS1-P117L), by monitoring directly the ER Ca 2ϩ levels in different cell lines, confirmed that these FADlinked PS2 mutations caused a reduction in ER Ca 2ϩ levels and
none of the PS1 mutations caused an increase [18] .
Recently, a physiological role for wt PSs in ER Ca 2ϩ handling
has also been proposed, although divergent and contrasting data were reported [11, 18, [22] [23] [24] [25] responses, yet in the presence of reduced ER Ca 2ϩ levels [11] .
By employing different cell models, we here show that wt and mutant PS2 act primarily by reducing SERCA pumps' activity and secondly by increasing the leak across ER Ca 2ϩ channels (RyRs and IP3Rs).

Materials and methods
Cell lines and transfection
HeLa and SH-SY5Y cells were grown in DMEM supplemented with 10% FCS containing penicillin (100 U/ml) and streptomycin (100 g/ml).
Before transfection, cells were seeded on cover slips (13- Table 1 ). Fig. 2A) . Similar results were also obtained in DKO MEFs (Fig. 2B) 
PS2-T122R effect on ER Ca 2ϩ channels
It has been suggested that, in PC12 cells and in cortical neurons, PS2-N141I (as well as PS1 mutations) alters Ca 2ϩ homeostasis
Fig. 1 Effect of PS2 variants on passive ER Ca 2ϩ leak. (A) Representative traces of [Ca 2ϩ ]ER measurements in SH-SY5Y cells transiently cotransfected with the cDNAs coding for ER-Aeq and PS2-T122R (black) or with the void vector as control (grey). After Aeq reconstitution (see Materials and Methods), cells were washed and bathed in a Ca
]ER estimated from single traces as shown in (B) (black and grey symbols, for PS2-T122R-expressing and control cells, respectively). The S.E.M. was omitted for clarity. (D-F) Experiments with HeLa cells were carried out as described in (A) and analysed as shown in (B) and (C) (black and grey symbols for PS2-expressing and control cells, respectively, n ϭ 6-9).
Cell type Control n PS2-T122R n % change (Fig. 3C) ; a siRNA specific for the type 1 IP3R was ineffective (Fig. 3D) Fig. 1A .
mM) (see Materials and Methods). Traces were aligned to Ca 2ϩ addition, black and grey symbols for PS2-T122R expressing and control cells, respectively (mean Ϯ S.E.M., n ϭ 12 for SH-SY5Y and n ϭ 16 for DKO MEFs).
Fig. 3 Role of RyRs and IP3Rs. (A) SH-SY5Y cells, transiently cotransfected with the cDNAs coding for cyt-Aeq and PS2-T122R (red trace), or with the void vector, control (blue trace), were overnight treated with dantrolene (20 M) and continuously maintained in the presence of the drug (purple and green traces, respectively). Upon Aeq reconstitution (see Materials and Methods), the cells were washed in mKRB and then exposed to CPA (20 M) plus bradykinin (Bk, 100 nM) in a Ca
2ϩ -free, EGTA (0.6 mM)-containing medium to fully discharge the intracellular Ca 2ϩ stores. (B) Bars represent the average peak area measured above the baseline and expressed as percentage of control, void-vector transfected cells (mean Ϯ S.E.M.). (C, D) wt MEFs were cotransfected with the cDNAs coding for ER-Aeq and PS2-T122R (or with the void vector as control) and siRNA specific for mouse IP3R-3 (40 nM) (C), IP3R-1 (20 nM) (D) or equivalent amounts of control siRNA (C, D). After 48 hrs, cells were harvested and probed for expression levels of PS2 and IP3Rs by Western blotting (right) or were employed to measure steady-state ER Ca 2ϩ levels (left), according to the protocol described in
Bars represent the average [Ca 2ϩ ]ER expressed as percentage of control cells transfected with the void-vector and control siRNA (mean Ϯ S.E.M.). Note interruption in the Y axes in (B-D).
Fig. 4 Role of the ribosomal-translocon complex. (A) SH-SY5Y cells were transiently cotransfected with the cDNAs coding for ER-Aeq and PS2-T122R (or with the void vector as control). Upon ER-Aeq reconstitution, cells were treated for 10 min. with puromycin (0.2 mM) at 37ЊC and continuously maintained in the presence of the drug. ER Ca
2ϩ levels were measured as described in Fig. 1A. [36] . As shown in Fig. 4B, incubation 
(B) SH-SY5Y cells were transfected as described in (A). Anisomycin (0.2 mM) was present during ER-Aeq reconstitution and throughout the experiments. Bars represent the average [Ca 2ϩ ]ER (M) (mean Ϯ S.E.M.). nascent chains in the ribosome, leaving the RTC in a closed configuration. Anisomycin was reported to prevent opening of the RTC if added simultaneously or before puromycin
Conformation of PS2 and store Ca 2ϩ handling
It has been reported that only the full-length (FL), immature forms of wt PSs (but not FAD-linked mutants) can form ER Ca 2ϩ leak
channels [23, 26] (but see also [11] [39] (Fig. 6A) , reduced the ER Ca 2ϩ level by an amount similar to that observed upon expression of wt or mutant PS2 (Fig. 6B) . Lendahl and colleagues [40] (Fig. 6C) ; NTF and CTF co-expression, however, failed to mimic the effect of wt or mutant PS2 on Ca 2ϩ handling (Fig. 6B) . (Fig. 7A and B) . On the other hand, when cells were transfected with the cDNA coding for ubiquilin1 [41] (Fig. 7C) or were treated overnight with the presenilinase inhibitor MW167 (15 M) [42] (Fig. 7D) [9, 10, 34, 44] and IP3Rs [7, 11, 12, 22] . -depleting effect of PS2 over-expression could be partially mimicked by ubiquilin1 over-expression [41] or inhibition of presenilinase activity by MW167 [42] 
Role of endogenous PS2 on ER Ca 2ϩ uptake
(C) Western blots showing SERCA-2 and PS2 levels in control and PS2-T122R-expressing cell lines. (D, E) SH-SY5Y cells were transiently cotransfected with the cDNAs coding for ER-Aeq and PS2-T122R in the absence (black bars) or presence of SERCA-2B cDNA (hatched bars); control cells were cotransfected with ER-Aeq cDNA and with the void vector (grey). Bars represent the average [Ca 2ϩ ]ER (M) (D) and maximal uptake rates (M/sec.) (E) (mean Ϯ S.E.M.).
ER (M) (left) and maximal uptake rates (M/sec.) (right) (mean Ϯ S.E.M.). (C) wt and DKO MEFs were transfected with the cDNA coding for ER-Aeq and ubiquilin1. (D) wt and DKO MEFs were transfected with the cDNA coding for ER-Aeq and overnight treated with MW167 (15 M) or vehicle (DMSO). (E) wt and DKO MEFs were transfected with the cDNA coding for ER-Aeq and PS1-A246E or its void vector (control). Bars represent the average [Ca
